Ultrastructural changes in red blood cells in aortic dissection patients under extracorporeal circulation: Atomic force microscopy study.
During extracorporeal circulation in heart surgery, blood is exposed to non-physiological conditions, such as high shear stress, foreign surfaces, turbulence, and hypothermia. These factors cause damage to the red blood cells, which is manifested by immediate and delayed hemolysis or some changes in the mechanical properties of red blood cells, defined as sublethal trauma. Unfortunately, sublethal trauma is hard to detect, and there is not enough morphological evidence regarding red blood cell sublethal trauma. In this study, red blood cell sublethal trauma was observed after extracorporeal circulation by describing ultrastructural changes in red blood cell membranes using atomic force microscopy and scanning electron microscopy. Venous blood (2 mL) was collected into heparin tubes from preoperative, intraoperative and postoperative aortic dissection patients for comparison with blood from healthy patients. The red blood cell morphological study (malformations percentage, diameter, height, concavity, and roughness) was performed with scanning electron microscopy and atomic force microscopy. Scanning electron microscopy and atomic force microscopy imaging analysis revealed that the red blood cell shape changed during extracorporeal circulation and that the red blood cell malformation percentage in the postoperative group was higher than those in the preoperative and intraoperative groups. Most morphological parameters had no obvious changes, except roughness (Ra and Rq) in aortic dissection patients. Atomic force microscopy quantitative analysis indicated that the roughness of red blood cell membranes increased during extracorporeal circulation. This study demonstrates that ultrastructural morphological damage occurs to red blood cells membranes due to extracorporeal circulation in aortic dissection patients. In addition, we provided a new parameter (Ra and Rq) to evaluate red blood cell sublethal trauma.